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Although it is well established that the tonic resting activity of rostral VLM sympathoexcitatory neurons is of crucial importance in the maintenance of sympathetic vasomotor tone, there is considerable controversy concerning the mechanisms that generate this tonic activity (10, 14, 21) . However, it has been demonstrated that this tonic activity is not dependent on excitatory amino acid receptors in the rostral VLM, because bilateral injections of excitatory amino acid receptor antagonists into this region have little effect on arterial pressure (19, 31) .
On the other hand, recent experiments suggest that ANG II may play a role in the tonic excitation of rostral VLM neurons. There is a high density of ANG II receptors in the rostral VLM of various species, including humans (2-4, 6, 23) , and their location corresponds very closely to that of sympathoexcitatory neurons in this region (4, 7) . Microinjection of ANG II into the rostral VLM elicits an increase in arterial pressure and sympathetic activity (4, 16, 24, 28) . In contrast, unilateral microinjections of peptidic ANG II receptor antagonists, such as [Sar ]ANG II (sarthran), into the rostral VLM result in a moderate fall in arterial pressure and sympathetic activity in the rabbit (28) and rat (24) . Interestingly, however, bilateral microinjections of these antagonists into the rostral VLM result in a profound fall in arterial pressure (18, 33) , which is accompanied by a large fall in renal sympathetic nerve activity (33) . The results of these experiments in different species therefore suggest that ANG peptides may play an important role in maintaining the tonic activity of sympathoexcitatory neurons in the rostral VLM.
Sympathoinhibitory neurons in the caudal VLM are also tonically active (10, 20) . In this case, the tonic activity has been shown to depend, at least in part, on a tonic excitatory input to these neurons mediated by excitatory amino acid receptors (20) . It is possible, however, that ANG II may also play a role in the tonic excitation of caudal VLM neurons. Like the rostral VLM, the caudal VLM also has a high density of ANG II receptors, as demonstrated in different species (3, 6, 23) . Microinjection of ANG II into the caudal VLM results in a depressor and sympathoinhibitory re-sponse (5, 24, 28) , whereas microinjection of sarthran or sarile into the caudal VLM results in an increase in resting arterial pressure and sympathetic nerve activity (5, 24, 28) .
The nonselective ANG receptor antagonists sarthran and sarile used in the studies mentioned above are likely to act on all ANG II receptors, of which the AT 1 and AT 2 receptors have been cloned (see Ref. 6 for review). Therefore it is not clear whether the sympathoinhibitory and sympathoexcitatory effects that result from the injection of sarile or sarthran into the rostral and caudal VLM, respectively, are due specifically to blockade of AT 1 receptors, AT 2 receptors, or to some other effect. In the VLM of most species, the ANG receptors appear to be primarily of the AT 1 subtype (1, 22, 38) . Surprisingly, however, microinjection of the selective AT 1 receptor antagonist losartan has little effect on resting arterial pressure or sympathetic nerve activity while still blocking the action of exogenous ANG II (8, 12, 16) . Similarly, microinjection of the selective AT 2 receptor antagonist PD-123319 also has little effect on resting arterial pressure or sympathetic nerve activity (16) .
The contrasting effects of selective and nonselective ANG receptor antagonists are difficult to resolve. It is possible that sarthran and sarile act on receptors other than the AT 1 or AT 2 subtype. For example, recent work in the rostral VLM of the rat has suggested that a specific receptor subtype for the heptapeptide ANG-(1O7) is involved in the tonic regulation of arterial pressure (12) . However, bilateral blockade of ANG-(1O7) receptors in the rostral VLM results in a much more modest reduction in arterial pressure (12) compared with that resulting from injection of sarthran or sarile (18, 33) . Alternatively, because the selective AT 1 receptor antagonist losartan has a lower affinity for the AT 1 receptor compared with nonselective antagonists such as sarthran or sarile (29, 30) , it is possible that a higher concentration of losartan may be required to equal the potency of the peptidic receptor antagonists. However, it is difficult to test this, because losartan appears to have nonspecific effects at higher concentrations (8) . A third possibility is that combined blockade of AT 1 and ANG-(1O7) receptors, as produced by sarthran or sarile, results in a much greater effect on VLM neurons than blockade of either AT 1 or ANG-(1O7) receptors alone. Finally, it is possible that the peptidic antagonists have effects that are independent of their interaction with ANG receptors.
The aims of the present study were to determine whether the effects on arterial pressure and sympathetic nerve activity produced by microinjection of peptidic ANG II receptor antagonists into the caudal or rostral VLM are dependent on AT 1 and/or ANG-(1O7) receptors, and whether these effects are due to antagonism of the actions of ANG II. In particular, we have tested 1) whether selective blockade of AT 1 receptors in the rostral VLM with the antagonist candesartan [which has a high affinity for AT 1 receptors, similar to that of sarthran or sarile (25) ] has effects on arterial pressure and sympathetic nerve activity similar to those of the peptidic antagonists; 2) whether the cardiovascular effects of microinjection of the peptidic antagonists in the rostral and caudal VLM are affected by prior blockade of AT 1 and ANG-(1O7) receptors in these regions; and 3) whether the actions of the peptidic antagonists are due to a general neuroinhibitory effect.
MATERIALS AND METHODS
All procedures were performed in accordance with the Australian National Health and Medical Research Council Code of Practice.
General Procedures in Rabbits
Experiments were performed on New Zealand white rabbits (Laboratory Animal Services, University of Sydney) or mixed strain rabbits (Baker Medical Research Institute) (2.6 Ϯ 0.1 kg body wt) of either sex. A marginal ear vein was cannulated, and the animals were anesthetized by administration of either pentobarbital sodium (35 mg/kg iv initially, followed by 9-15 mg ⅐ kg Ϫ1 ⅐ h Ϫ1 ) or urethan (1.5 g/kg iv). The body temperature was maintained within the range of 38.5 Ϯ 0.5°C by a thermoregulated lamp. The trachea was cannulated, and the rabbit was ventilated with oxygen-enriched room air at a rate of 30 breaths/min at a volume that maintained end-tidal carbon dioxide at ϳ3.5-4.5%. Catheters were placed in a femoral artery and femoral vein. The carotid sinus baroreceptors were denervated, as previously described (28) , and the aortic and vagal nerves were cut to eliminate baroreceptor reflex effects that may have been secondarily evoked as a consequence of the changes in arterial pressure evoked by injection of ANG receptor antagonists into the VLM. The effectiveness of the baroreceptor denervation was confirmed by the absence of reflex heart rate responses to pharmacologically induced changes in blood pressure. The dorsal medulla was then exposed according to the procedures described previously (28) . In most experiments the renal nerve was then exposed, whereas in the remainder, either the phrenic nerve or diaphragm was exposed to allow recording of respiratory activity (see Measurement of respiratory activity). After all surgical procedures, neuromuscular blockade was induced by administration of alcuronium chloride (0.1 mg/kg iv every 1-2 h). The effects of alcuronium chloride were allowed to wear off before additional doses were administered. The adequacy of anesthesia without neuromuscular blockade was verified by the absence of a withdrawal response to nociceptive stimulation and during neuromuscular blockade by a stable arterial pressure, heart rate, and renal sympathetic nerve activity (RSNA).
The arterial pressure was measured via the femoral arterial catheter, and the mean arterial pressure (MAP) and heart rate were derived from the pulsatile signal by means of a low-pass filter and ratemeter, respectively. All signals were displayed on a polygraph chart recorder.
Renal nerve recording. After exposure of the renal nerve, the distal end was crushed to eliminate afferent discharge, and the proximal end was placed on bipolar silver recording electrodes and covered with mineral oil to prevent drying. The signal from the electrodes was amplified, filtered (100-1,000 Hz), displayed using a MacLab system (ADInstruments, NSW, Australia), and monitored by means of an audio amplifier. The filtered nerve activity signal was rectified, integrated (resetting every 5 s), and recorded on a polygraph chart recorder and on videotape. At the end of the experiment, the baseline noise level was established by applying local anesthetic to the renal nerve and crushing the nerve proximal to the recording electrodes.
Measurement of respiratory activity. Respiratory activity was measured by recording the efferent discharge of the phrenic nerve or by measuring the electromyographic (EMG) activity of the diaphragm. The right phrenic nerve was isolated in the neck via a ventral approach, and its activity was recorded using bipolar electrodes, as described above for the renal nerve. The diaphragm EMG was measured via electrodes inserted into the muscle, which was exposed by a retroperitoneal approach. The phrenic nerve activity or diaphragm EMG signal was then rectified, filtered, and recorded on a polygraph chart recorder and on videotape.
General Procedures in Rats
Male Sprague-Dawley rats (326 Ϯ 12 g body wt) were anesthetized initially with sodium brietal (80 mg/kg ip), tracheotomized, and artificially ventilated with 100% oxygen. The ventilation rate and volume were adjusted to keep arterial blood PCO 2 in the range of 35-45 mmHg. Anesthesia was maintained by inhalation of 1.2-1.6% isoflurane at a level that abolished pedal withdrawal and corneal reflexes. Body temperature was maintained at 37 Ϯ 1°C with a servocontrolled heating blanket. The left jugular vein and left common carotid artery were cannulated for the intravenous administration of drugs and measurement of arterial pressure, respectively. Pulsatile arterial pressure, MAP, and heart rate were displayed and recorded using a MacLab system.
The rat was placed in a stereotaxic frame with the head ventroflexed at 45°from horizontal. The atlantooccipital membrane was exposed through a midline incision and opened to expose the dorsal surface of the brain stem. After completion of all surgical procedures and establishment of a stable anesthetic plane, neuromuscular blockade was induced with pancuronium bromide administered in a bolus dose of 1 mg/kg iv. The neuromuscular blockade wore off after ϳ60-90 min, at which time the level of anesthesia was assessed again before readministration of pancuronium.
Intramedullary Microinjections
Microinjections of various compounds were made into sites within the rostral or caudal VLM of rabbits or rats by use of a glass micropipette held in place by a micromanipulator (Kopf Instruments). In rabbits, the compounds injected were sodium glutamate (8-12 nl of 200 mM solution), ANG II (Sigma, 40 nl of 1 mM solution), the ANG receptor antagonists sarthran or sarile (Sigma, 100 nl of 1 or 10 mM solution), the AT 1 receptor antagonist losartan (100 nl of 10 mM solution, kind gift of Merck, Whitehouse Station, NJ), the ANG-(1O7) receptor antagonist [D-Ala 7 ]ANG-(1O7) (Auspep or Bachem, 100 nl of 10 mM solution), the GABA A receptor agonist muscimol (Sigma, 200 nl of 2 mM solution), or the local anesthetic lignocaine (100 nl of 2% solution). In rats, the compounds injected were sodium glutamate (25-50 nl of 50 mM solution), ANG II (Auspep, 100 nl of 1 mM solution), sarile (Auspep, 100 nl of 1 mM solution), or the AT 1 receptor antagonist candesartan (100 nl of 10 mM solution, kind gift of Astra Hassle, Molndal, Sweden). The vehicle solution was either phosphate-buffered saline (pH 7.4) or artificial cerebrospinal fluid (pH 7.4). Injections were made by pressure injection, as described previously (28) . The volume injected was measured by observing the displacement of the meniscus in the pipette with respect to a horizontal grid viewed through an operating microscope.
The pressor region in the rostral VLM was identified bilaterally as the site where microinjection of glutamate resulted in a rapid increase in arterial pressure (usually 30-50 mmHg in rabbits and ϳ20 mmHg in rats) with a short onset latency (Ͻ5 s). The pipette containing glutamate was then replaced with a pipette containing an ANG receptor antagonist. The antagonist was then microinjected into the physiologically identified pressor site on one side, and the pipette was then left in place for 1-2 min to allow the drug to diffuse away from the pipette tip. The pipette was then removed and placed into the contralateral pressor site, and the antagonist was then injected into that site. In some experiments, further microinjections were made into the rostral VLM pressor region of ANG II and/or ANG receptor antagonists.
The depressor region in the caudal VLM was identified in rabbits as the site at which microinjection of glutamate resulted in a rapid decrease in arterial pressure of Ͼ30 mmHg with a short onset latency (Ͻ5 s). The subsequent procedure was then the same as described above for the rostral VLM pressor region.
Statistical Analysis
Comparisons between means were made using the paired or unpaired t-test. A P value of Ͻ0.05 was taken to indicate a statistically significant difference. All values are expressed as means Ϯ SE.
RESULTS

Effects of Bilateral Microinjections of Selective AT 1 Receptor Antagonists
Rostral VLM. In six rabbits, bilateral microinjection of the selective AT 1 receptor antagonist losartan (1 nmol) into the functionally identified pressor region in the rostral VLM had little effect on baseline arterial pressure, heart rate, and RSNA, except for small and transient increases in these variables that lasted Ͻ2 min (Fig. 1A, Table 1 ). After injections of losartan into the rostral VLM pressor region, microinjection of ANG II (40 pmol) into the same site had no effect on arterial pressure, heart rate, and RSNA, confirming previous observations from our laboratory that this dose of losartan is sufficient to block the actions of exogenous ANG II in the rostral VLM of the rabbit (16) .
In five rats, bilateral injections of the high-affinity AT 1 receptor antagonist candesartan (1 nmol) into the functionally identified pressor region in the rostral VLM also resulted in no significant changes in either MAP (Ϫ1 Ϯ 5 mmHg) or heart rate (6 Ϯ 8 beats/min).
Caudal VLM. Bilateral microinjections of losartan (n ϭ 4) into the functionally identified depressor region in the caudal VLM of barodenervated rabbits also had little effect on baseline arterial pressure, heart rate, and RSNA, except for small and transient decreases in these variables that lasted Ͻ2 min (Fig. 1B, Table 1 ). After injections of losartan into the caudal VLM depressor region, microinjection of ANG II (40 pmol) into the same site in three rabbits had little effect on arterial pressure, heart rate, and RSNA, in contrast to the prolonged and significant depressor and sympathoinhibitory effect produced by microinjection of similar or smaller doses of exogenous ANG II in the caudal VLM of rabbits not pretreated with an AT 1 receptor antagonist (28) .
Effects of Bilateral Microinjections of Nonselective ANG Receptor Antagonists
Rostral VLM. Bilateral microinjections of the nonselective ANG receptor antagonist sarthran into the rostral VLM of barodenervated rabbits caused a dosedependent decrease in arterial pressure, heart rate, and RSNA (Table 1, Fig. 2) . Injection of the drug into one side typically caused a modest fall in arterial pressure, heart rate, and RSNA, but subsequent microinjection into the contralateral side caused much larger falls in these variables (Fig. 2) . The duration of the depressor response was also dose dependent and was ϳ20 min after microinjection of the larger dose (1 nmol) into the rostral VLM (Table 1) .
In rats, bilateral microinjections of 0.1 nmol of sarile into the rostral VLM pressor region caused a decrease in MAP of 25 Ϯ 4 mmHg (n ϭ 9), which was very similar in magnitude to that evoked by the same dose of sarthran in the rabbit (Table 1) . In contrast to the rabbit, however, the change in heart rate (2 Ϯ 12 beats/min) was not significant.
Caudal VLM. Microinjection of sarthran into the depressor region in the caudal VLM of barodenervated rabbits caused a dose-dependent increase in arterial pressure, heart rate, and RSNA (Table 1, Fig. 3) . A small increase in these variables occurred after microinjection of sarthran into one side, but there was a much greater increase after microinjection into the contralateral side (Fig. 3) . The duration of the pressor response was also dose dependent and was ϳ30 min after microinjection of the larger dose (1 nmol) into the caudal VLM (Table 1) .
Effects of Bilateral Microinjection of Nonselective ANG Receptor Antagonists
After AT 1 Receptor Antagonists Rostral VLM. In six rabbits, bilateral microinjections of 1 nmol of sarthran were made into the rostral VLM pressor region 5-20 min after bilateral microinjections of losartan into the same sites. As described above, microinjections of losartan (1 nmol) had little effect on resting arterial pressure and RSNA. In four of these experiments, the effectiveness of AT 1 receptor blockade was confirmed by the lack of response to microinjections of ANG II (40 pmol) into the same sites (Fig. 4) . After blockade of AT 1 receptors, microinjections of sarthran still resulted in large decreases in arterial pressure, heart rate, and RSNA, which were of similar magnitude to those evoked by sarthran without pretreatment with losartan (Table 2) .
In five rats, microinjections of a mixture of sarile (100 pmol) and ANG II (100 pmol) were made bilaterally into the rostral VLM pressor region 5-15 min after microinjections of candesartan (1 nmol) into the same sites. Bilateral microinjections of the sarile/ANG II mixture resulted in a decrease in MAP of 23 Ϯ 2 mmHg, which was not significantly different from the decrease in MAP evoked by this dose of sarile in the group of nine rats referred to above that were not pretreated with candesartan (25 Ϯ 4 mmHg). As before, however, the change in heart rate (12 Ϯ 6 beats/ min) after bilateral injections of sarile was not significant.
Caudal VLM. After bilateral microinjections of losartan into the caudal VLM depressor region, bilateral microinjections of sarthran in four rabbits resulted in increases in MAP, heart rate, and RSNA that were of similar magnitude to those evoked by sarthran without pretreatment with losartan (Fig. 5 , Table 2 ).
Effects of Bilateral Microinjection of Nonselective ANG Receptor Antagonists After AT 1 and ANG-(1O7) Receptor Antagonists
In five experiments in rabbits, 1 nmol of losartan and ]ANG-(1O7) is sufficient to abolish the effects of ANG-(1O7) in the rostral and caudal VLM. Even after injections of both AT 1 and ANG-(1O7) receptor antagonists, bilateral microinjections of sarthran or sarile evoked decreases in MAP, heart rate, and RSNA that were very similar in magnitude to those evoked without pretreatment with these selective ANG receptor antagonists ( Table 2) . 
Effects of Microinjection of Nonselective ANG Antagonists on Respiratory Activity
In four experiments in spontaneously breathing rabbits, unilateral microinjection of 1 nmol of sarile into the rostral VLM pressor region resulted in a significant fall in arterial pressure of 35 Ϯ 3 mmHg but had no detectable effect on the peak amplitude or frequency of phrenic nerve discharge or diaphragm EMG (Fig. 6A) . Unilateral microinjection of muscimol (0.4 nmol in 200 nl, n ϭ 3) or local anesthetic (lignocaine, 2% in 100 nl, n ϭ 2) in the rostral VLM pressor region resulted in a similar decrease in MAP (29 Ϯ 2 mmHg), but in contrast to the effects of sarile, it also resulted in a clearcut decrease (24 Ϯ 2%) in the peak amplitude of phrenic nerve discharge (Fig. 6B) or diaphragm EMG activity.
DISCUSSION
The results of this study demonstrate that bilateral microinjections of the peptidic ANG receptor antagonists sarthran and sarile into the rostral VLM pressor region of the rabbit lead to a profound decrease in arterial pressure and RSNA, in support of previous observations in the rat (18, 33) , and show for the first time that bilateral microinjections of these compounds into the caudal VLM result in a large increase in arterial pressure and RSNA. Our results also show for the first time that the decrease in arterial pressure evoked by sarile in the rostral VLM was not accompanied by any effect on respiratory activity, in contrast to muscimol or lignocaine, which reduced both arterial pressure and respiratory activity.
The major new finding of this study, however, is that the profound depressor and sympathoinhibitory effects evoked by sarile and sarthran in the rostral VLM of two species (rabbit and rat) are not mediated by receptors for ANG II, because these effects were unaffected after microinjections of selective ANG receptor antagonists that completely blocked the actions of exogenous ANG II. In a previous study, Ito and Sved (18) found that the depressor effect evoked by sarile in the rostral VLM was blocked when ANG II was co-injected with this compound. This finding was interpreted to indicate that sarile and ANG II compete for the same receptors. An alternative explanation for this finding, however, is that ANG II and sarile have excitatory and inhibitory effects that are mediated by different receptors, which tend to balance each other when the two compounds are co-administered. Such an interpretation would be consistent with the findings of the present study, as well as the previous study of Ito and Sved (18) .
The results also confirm previous findings (8, 12 ) that bilateral microinjections into the rostral VLM pressor region of the AT 1 receptor antagonist losartan do not reduce resting arterial pressure or sympathetic activity. Losartan has a lower affinity for AT 1 receptors than the peptidic antagonists sarile and sarthran (29, 30) , so it is therefore conceivable that the lack of effect of losartan is due to incomplete blockade of AT 1 receptors. This seems unlikely, however, because 1) the dose of losartan injected (1 nmol) was sufficient to completely block the pressor effect of exogenous ANG II in the rostral VLM, and 2) another AT 1 receptor antagonist, candesartan, which has a similar affinity to that of sarthran and sarile for these receptors (25) , also had no effect on resting arterial pressure when injected in the same dose as the latter compounds.
A previous study found that bilateral microinjection of [D-Ala 7 ]ANG-(1O7), an antagonist of ANG-(1O7) receptors, into the rostral VLM of the rat leads to a decrease in arterial pressure (12) ANG-(1O7) in the rostral VLM is rather modest (ϳ15 mmHg) (12), much less than that evoked by bilateral injections of sarthran or sarile (ϳ50 mmHg) (18) .
Apart from AT 1 and ANG-(1O7) receptors, sarthran and sarile also block the AT 2 and AT 4 receptor subtypes (37) . It is unlikely that the effects of sarthran and sarile are due to blockade of AT 2 receptors, because a previous study from our laboratory has shown that selective blockade of these receptors in the rostral VLM of the rabbit has little effect on resting arterial pres- sure or RSNA (16) . It is conceivable, however, that the actions of sarthran and sarile in the VLM are due to blockade of AT 4 receptors, which are activated by ANG IV [ANG-(3O8)] (36). It has been shown, for example, that intracerebroventricular injection of an analog of ANG IV induces a pressor response in rats (35) . However, this effect appears to be mediated via AT 1 receptors rather than AT 4 receptors (35) . Furthermore, although AT 4 receptors have a high density in many different brain regions, the medulla appears to lack such receptors (36) . Nevertheless, the possibility that AT 4 receptors may be involved in mediating the actions of sarthran and sarile in the VLM cannot be definitively ruled out at this stage.
It could be argued that the depressor effects of sarile and sarthran are due to blockade of receptors that are accessible to endogenous ANG II, but not to exogenous ANG II. For example, it is conceivable that the critical receptors are located within the synaptic cleft and are tonically activated by endogenous ANG II released from presynaptic terminals, whereas exogenously applied ANG II activates other extrajunctional receptors. The possibility that exogenous sarile and sarthran but not ANG II would have access to such synaptic receptors seems highly unlikely, however, because the former compounds have very similar molecular size and structure to those of ANG II. It is also most unlikely that inaccessibility to the critical receptors could explain the lack of effect of losartan or candesartan in the rostral VLM, because these nonpeptide antagonists have a much smaller molecular size and are also more lipophilic than the peptidic antagonists (34) .
A final possibility regarding the actions of sarthran and sarile is that the effects observed after their mi- Fig. 6 . Chart recordings showing effects of injection of sarile (A) and the neuroinhibitory compound muscimol (B) into the pressor region in the rostral VLM of a spontaneously breathing anesthetized rabbit. Note that muscimol produces a large decrease in both arterial pressure and peak phrenic nerve activity (PNA), but that sarile evokes a decrease in arterial pressure without any change in peak PNA. croinjection into the rostral or caudal VLM are due not to the compounds themselves, but to fragments produced by their degradation. For example, it is possible that the sarcosine moiety is cleaved from these compounds. Sarcosine (N-methylglycine) is a competitive inhibitor of the glycine transporter 1, or Gly T-1, which mediates glycine uptake (13) . Thus it is conceivable that sarcosine derived from sarthran or sarile may facilitate the inhibitory action of glycinergic inputs to VLM neurons. At least in the rostral VLM, however, bilateral injections of the glycine antagonist strychnine have very little or no effect on resting arterial blood pressure (15, 26) , indicating that under normal conditions there is very little tonic release of glycine in this region. Thus, although this possibility cannot be ruled out, it seems unlikely that a reduction in the uptake rate of glycine could explain the profound depressor effects produced by sarthran or sarile.
The caudal VLM contains sympathoinhibitory neurons that tonically inhibit sympathoexcitatory neurons in the rostral VLM (10, 14) . Thus the increase in arterial pressure and sympathetic activity evoked by sarthran in the caudal VLM suggests that this compound inhibits the sympathoinhibitory neurons in this region. As in the rostral VLM, this effect was completely unaffected by blockade of AT 1 and ANG-(1O7) receptors, indicating that the mechanism of action of these compounds in the caudal VLM is similar or identical to that in the rostral VLM.
The finding that microinjection of sarile into the rostral VLM reduced arterial pressure but not respiratory activity, whereas injection of muscimol or lignocaine reduced both, suggests that sarile has differential effects on different types of neurons. This finding is consistent with the observation by Chan et al. (9) that microinjection of sarile into the rostral VLM reduced the firing rate of some neurons in this region but had no effect on others. It is possible that the effects of sarile or sarthran are specific to cardiovascular neurons, but further studies are needed to test this hypothesis.
The results show that a unilateral microinjection of sarile or sarthran into the rostral VLM of barodenervated rabbits produced effects that were less than one-half those produced by bilateral microinjections. In contrast, we have previously shown in the same experimental preparation that unilateral microinjection of muscimol into the rostral VLM produced a very large depressor and sympathoinhibitory effect, more than one-half of that produced by bilateral microinjections of muscimol (17) . These findings indicate that, compared with muscimol, sarthran and sarile have a less potent inhibitory effect on rostral VLM sympathoexcitatory neurons. Furthermore, it is possible that there is a nonlinear relationship between the degree of inhibition of the activity of rostral VLM sympathoexcitatory neurons and the subsequent effects on arterial pressure and sympathetic vasomotor activity. Thus the degree of inhibition of the activity of rostral VLM sympathoexcitatory neurons produced by a unilateral microinjection of sarthran or sarile may be below the threshold required to produce a major effect on sympathetic vasomotor activity, whereas the inhibitory effect of unilateral microinjection of muscimol is above that threshold.
Although the findings of the present study, together with those of previous studies (8, 12) , indicate that AT 1 receptors make no significant contribution to the maintenance of the resting tonic activity of sympathoexcitatory neurons in the rostral VLM or of sympathoinhibitory neurons in the caudal VLM, these receptors nevertheless may play an important role under other conditions. For example, DiBona (11) reported that microinjections of candesartan into the rostral VLM of salt-depleted rats produced a depressor response, and a recent study from our laboratory (32) found that the excitation of rostral VLM sympathoexcitatory neurons resulting from disinhibition of neurons in the hypothalamic paraventricular nucleus was abolished by microinjection of losartan or another selective AT 1 receptor antagonist, L-158809. Thus it seems likely that AT 1 receptors may play an important role in mediating inputs to sympathoexcitatory neurons in the rostral VLM, and possibly also to sympathoinhibitory neurons in the caudal VLM, that are activated only under certain physiological conditions.
Perspectives
The finding by Ito and Sved (18) that bilateral injections of peptidic ANG receptor antagonists into the rostral VLM caused a profound fall in resting arterial pressure, similar to that which occurs after blockade of the spinal sympathetic outflow, led to the hypothesis that ANG II receptors in the rostral VLM play a critical role in generating tonic sympathetic vasomotor activity. The present study confirmed this observation in both rats and rabbits and addressed the important question regarding the mechanisms that underlie the actions of these compounds. Our results indicate that the mechanism of action of sarile and sarthran in the VLM does not involve blockade of the tonic excitatory effects of endogenous ANG II, ANG-(1O7), or other compounds whose effects are mediated via AT 1 or ANG-(1O7) receptors, such as ANG III (16) . We have also recently found that the depressor and sympathoinhibitory effects evoked by sarile or sarthran in the rostral VLM were unaffected by complete blockade of glutamate and GABA A receptors (33) , indicating that the mechanism of action of these compounds also does not involve effects on glutamatergic or GABAergic neurotransmission.
Thus there appear to be two remaining possibilities regarding the mechanism of action of sarile and sarthran in the VLM: these compounds 1) may either inhibit the tonic excitatory effects or facilitate the tonic inhibitory effects of an unknown endogenous compound acting on rostral VLM sympathoexcitatory neurons, or 2) are agonists that directly inhibit these neurons via unknown receptors. The results of the present study do not distinguish between these two possibilities. At the same time, our results indicate that peptidic ANG receptor antagonists may have a specific action on cardiovascular neurons in the VLM. Further studies will be required to elucidate the precise mechanism of action of these compounds on neurons in the rostral and caudal VLM, which play a pivotal role in central cardiovascular regulation (10) .
